Abstract The N,O-donor bidentate ligands (L 1 -L 7 ) derived from the reaction between chalcones and pyridinium salt of 2-acetyl furan were synthesized and characterized by IR and NMR spectroscopic techniques. Their complexes [1] [2] [3][4][5][6][7] of Cu(II) were synthesized and characterized by elemental analysis, magnetic measurements, TG analyses, IR and mass spectroscopy. Synthesized complexes were carried out for their biological elucidation using different biological experiments like minimum inhibitory concentration, DNA binding and cleavage study, cytotoxicity, and antiradical activity. Efficient cleavage of pUC19 DNA was observed for all the test complexes than the reference drug. Graphical Abstract Increase in DNA chain length and hence the relative viscosity as the complexes binds to DNA via intercalative mode and involves a strong stacking interaction between an aromatic chromophore and the DNA base pair.
Introduction
It has been mentioned by researchers, that we are more closely associated with the microbes and bacteria than our family members. In fact the body harbors more microbial cells compared to their own cells. But they are noticed only when they cause disease. Pseudomonas likes residing in the body and cause infective disease, whereas Vibrios use the human body to multiply and leave them at will through diarrheal manifestations. These bacterial infections are responsible for high mortality and morbidity in man and are a major cause of worry for Health Departments around the world. The discovery of antibiotics brought relief to many. However, microbes have been constantly evolving and becoming resistant to antibiotics: penicillin resistant Staphylococcus in 1940, tetracycline resistant Shigella emerged in the second half of the twentieth century, and erythromycin resistant Streptococcus in the late 1960s [1] . This had made the pharmaceutical industry to think of other approaches of curing diseases and invest in this area [2] . Nowadays keen research have been focused on the curing of diseases by interaction of small molecules with the DNA of disease causing species. In this respect, interaction of DNA with transition metal complexes of organic drug, has gained significant current interest due to its various uses in cancer research and nucleic acid chemistry, owing to their high lipophilicity compared to organic moiety alone [3] . On the other hand ofloxacin-a quinolone drug, function as an antibacterial agent by inhibiting the enzyme bacterial topoisomerase IV and DNA gyrase, which are obligatory in DNA duplication. This helps to promote breaking of DNA double stranded structure in liable bacteria. Ofloxacin has been used as successful antibiotic against various infection like chronic bronchitis, pneumonia, skin and skin structure infections, cervical gonorrhea, urinary tract infections etc. [4, 5] . Hence the combination of suitable metal and organic drug can result in a synergism of action, making it more effective against bacterial diseases. Also transition metal complexes have unique electronic and spectroscopic signatures that offer a massive amount of coordination geometries and mechanism of cytotoxic action, which is related to DNA binding affinity [6] . It can also vary consequently as the biological activity is strongly dependent on structure-activity relationship. Besides this, metal complexes also develop or create open coordination positions for DNA binding and hydrolysis generates reactive oxygen-containing species or other radicals for DNA oxidation [7] . Therefore, they can act as a metallonucleases class of compounds. Many transition metal complexes are recognized to bind with DNA via both covalent and non-covalent interactions. In covalent binding the labile ligand of the complex is replaced by nitrogen base of DNA. On the other hand, the non-covalent DNA interactions include intercalative, electrostatic and groove (surface) binding if cationic metal complexes along of DNA helix, major or minor groove [8] . Amongst the metal ions, copper is widely distributed in the biological system and copper complexes are known to have a broad spectrum of biological action. It has been established that copper accumulates in tumors due to selective permeability of the cancer cell membranes. Because of this, a number of copper complexes have been screened for anticancer activity and some of them were found active both in vivo and in vitro [9] . In the current work we have carried out various biological activities for Cu(II) complexes with quinolone based drug and N,O-donor bidentate ligands.
Materials and Methods

Reagents and Materials
The chemicals used were of analytical grade and used as such without further purification. Ofloxacin (OFL) was generously supplied on demand by Bayer AG (Wuppertal, Germany). Cupric chloride dihydrate was purchased from E. Merck Ltd, Mumbai (India). 2-Acetylfuran, acetophenone, 4-chlorobenzaldehyde, 4-fluorobezaldehyde, 4-bromobezaldehyde, 3-fluorobenzaldehye, 4-methylbenzaldehyde, 4-methoxybenzaldehyde and 4-benzyloxybenzaldehyde were purchased from Sigma Chemical Co. (India). Ethidium bromide (EB), bromophenol blue, agarose and Luria Broth (LB) were purchased from Himedia (India). Nicotinamide adenine dinucleotide reduced (NADH), nitro blue tetrazolium (NBT) and phenazin methosulfate (PMS) were purchased from Loba Chemie Pvt. Ltd. (India).
Techniques and Measurements
Copper content for the complexes were obtained by gravimetric and volumetric techniques. A Perkin-Elmer 240 Elemental Analyzer was used to collect microanalytical data (C, H, N). Room temperature magnetic susceptibility was measured by Gouy's method using mercury tetrathiocyanatocobaltate(II) as the calibrant (v g = 16.44 9 10 -6 cgs units at 20°C), on Citizen Balance. The diamagnetic correction has been made using Pascal's constant. FTIR data were collected with the help of FT-IR ABB Bomen MB 3000 spectrophotometer. UVVis spectra of the complex were recorded on UV-160A UV-Vis spectrophotometer, Shimadzu (Japan) and corrected for background due to solvent absorption. The percentage of pUC19 DNA cleavage was quantified by AlphaDigiDoc TM RT. Version V.4.0.0 PC-Image software.
Synthesis of Ligands
Literature procedure [10, 11] has been used for the synthesis of different N,O-donor bidentate ligands.
Synthesis of 4-(4-
Substituted enones synthesized by the reaction of pfluorobenzaldehyde and p-methylacetophenone was refluxed with pyridinium salt of 2-acetylfuran in presence of ammonium acetate for 6 h. The reaction mixture was allowed to cool at room temperature. The solid product was filtered and recrystallized from hexane (Scheme 1). 
It has been synthesized using the chalcone prepared from the reaction between p-chlorobenzaldehyde and p-methylacetophenone. Yield: 59 %, m. 
It has been synthesized using the chalcone prepared from the reaction between p-bromobenzaldehyde and p-methy- 
Synthesis of 2-(furan-
It has been synthesized using the chalcone prepared from the reaction between p-methylbenzaldehyde and p-methylacetophenone. Yield: 34 %, m. 
It has been synthesized using the chalcone prepared from the reaction between p-methoxybenzaldehyde and pmethylacetophenone. Yield: 57 %, m. 
Synthesis of 4-(4-(Benzyloxy
It has been synthesized using the chalcone prepared from the reaction between p-benzyloxybenzaldehyde and p- 
Synthesis of 4-(
It has been synthesized using the chalcone prepared from the reaction between m-fluorobenzaldehyde and p-methylacetophenone. Yield: 59 %, m. 
Synthesis of Complexes
(1.5 mmol) in methanol and methanolic solution of CuCl 2 Á2H 2 O (1.5 mmol) was refluxed for 30 min followed by addition of methanolic solution of OFL (1.5 mmol) in presence of CH 3 ONa (1.5 mmol). The pH was adjusted to *6.8 using dilute solution of CH 3 ONa. Resulting solution has been refluxed for 6 h on water bath and concentrated to half of its volume. The green color amorphous product was obtained which was then washed with CHCl 3 . General reaction scheme for the synthesis of complexes is shown in Scheme 1. Yield: 57.9 %, m. (-ve) (Escherichia coli, Pseudomonas aeruginosa and Staphylococcus aureus). To elucidate bactericidal effect of the synthesized complexes, minimum inhibitory concentration was found out by broth dilution technique in terms of lM. From a preculture of pathogens, bacterial culture in Luria Broth (LB) solution was prepared in sugar tube and serially two-fold diluted amount of complexes was added to each bacterial culture and incubated overnight at 37°C. The concentration of the respective complexes in the tube with highest dilution for disappearance of turbidity is reported at MIC value.
Relative Affinity and DNA Binding Mode Estimation
UV-Vis Spectrophotometric Quantization of DNA Binding Mode
Compounds may bind to DNA either by covalent or noncovalent interaction. For compounds that bind to DNA noncovalently, intercalation, electrostatic interaction and groove binding are the most likely binding modes [12] [13] [14] . Possible criteria to be used in inferring the binding mode have been reviewed. Groove binding typically results in only subtle changes in structure. In contrast, intercalation, in which a planar ligand moiety is inserted between adjacent base pairs, results in a substantial change in DNA structure. It may cause distortions, unstacking and unwinding of the helix. A strong interaction between an aromatic chromophore of metal complexes and the base pairs of DNA, hypochromism and hyperchromism are generally observed [15] . DNA binding study was carried out by absorption titration method. The concentration of complex was kept constant and DNA concentration was varied by successive addition of its 100 lL aliquots. Absorbance spectra were recorded for consecutive addition of DNA.
Hydrodynamic Chain Length Study
The structural changes of DNA by binding with agents have been the most stringent indication of the binding mode. Viscosity measurements to examine the change in hydrodynamic chain length may be used to monitor such DNA structural changes by the length changes of rod-like DNA [16] . The different concentrations of fixed solution of complexes 1-7 and DNA in phosphate buffer media are used, i.e. 
In Vitro Cytotoxicity: Brine Shrimp Lethality Assay
Cytotoxicity assay are widely used by the pharmaceutical industry to screen for cytotoxicity in compound libraries. In order to determine anticancer properties of the complexes, in vitro cytotoxicity tests were screened for all the synthesized complexes against brine shrimp. Brine shrimp eggs were sprinkled and incubated for 48 h in a sea salt solution in presence of light. 10 nauplii were taken in test tube and complexes in the concentration range of 2, 4, 8, 12, 16 and 20 mg mL -1 (in DMSO) were added to it and number of dead nauplii was calculated. Three sets for each aliquot of complexes and control containing only DMSO were monitored under same experimental condition.
Antiradical Activity
Superoxide radicals are produced inside the body which cause various diseases like ageing, heart problem etc. The control of this reactive oxygen species (ROS) is essential to prevent diseases. Naturally occuring Superoxide Dismutase (SOD) is an enzyme that repairs cells and reduces the damage done to them by superoxide, the toxic free radical in the body. However the natural SOD's present inside the body has very high molecular weight. Hence the development of the molecule with low molecular weight which could inhibit the reactive oxygen species plays a crucial role in the discovery of new drug. In order to determine the oxygen scavenging ability of the synthesized complexes, superoxide dismutase assay was carried out using NBT/ NADH/PMS system. Nonenzymatic (PMS/NADH) systems was used to generate Superoxide anion (O 2
•-) in the presence or absence of test compounds. The generated O 2
•-was than scavenged by NBT. Reduction in rate of NBT to monoformazan dye formation was determined by measuring absorbance at 560 nm and the graph of percentage inhibition was plotted against concentration of the complex.
Nuclease Activity: Gel Electrophoresis Study
The DNA cleavage could occur by two major pathways, viz. hydrolytic and oxidative pathways. Hydrolytic DNA cleavage involves cleavage of phosphoester bond to generate fragments those could be subsequently relegated. Cleavage of plasmid DNA was probed by using agarose gel electrophoresis. The pUC19 DNA taken in Tris-EDTA buffer was treated with the complexes and incubated for 24 h at 37°C. The reaction was quenched by addition of bromophenol blue. This system was then loaded into the well and electrophoresis was carried out for 2 h at 100 V in tris-acetate-EDTA (TAE) buffer. Bands were visualized by UV light and photographed for analysis. The extent of cleavage was measured from the intensities of the bands using AlphaDigiDocTM RT. Version V.4.1.0 PC-Image software; gel documentation system.
Results and Discussion Electronic Spectra and Magnetism
The one-electron paramagnetic complexes display intense charge transfer (CT) band in the range of 200-320 nm that can be attributed to the p-p* transition of the coordinated N,O-donor ligand. The d-d band is observed around 600 nm in DMSO. Distorted square pyramidal geometry for copper(II) complexes has been proved by a broad band at around 600 nm [17] . This band is a characteristic of d-d transition in tetragonal field. The magnetic moment of all the complexes lie in the range 1.80-1.89 BM, which is slightly higher than the spin-only value of 1.73 BM which bring to a close that metal centre in synthesized complexes possess one unpaired electron responsible for s = system.
IR Spectra
Heteroatom coordinating to the metal atom gives explicit bands in the IR spectra. Thus, IR spectra can be used to confirm whether heteroatom has been coordinated to the metal atom or not. The data obtained from the IR spectra are represented in supplementary material 1. The IR spectra of ofloxacin exhibited carboxylic stretch m(C=O) carb at 1760 cm -1 and the pyridone stretch m(C=O) p at 1646 cm -1 . After complexation disappearance of m(C=O) carb and shifting of m(C=O) p to lower values in the complexes (1619-1638) is the indication of coordination occurring through carbonyl oxygen of pyridine ring. The peaks corresponding to the ring stretching frequencies of m(C=N) of ligands were shifted to higher frequencies upon complexation indicating the coordination of the heterocyclic nitrogen atoms to the metal ion [17] . Bands are observed in the range 1560-1588 cm -1 and 1352-1379 cm -1 assigned as m(O-C-O) asymmetric and symmetric stretching vibrations, respectively. Also m(M-N) band at *540-562 cm -1 is assigned to N ? M bonding of complexes [18] .
Thermal Decomposition Study
The TG analyses for complex- [1] carried out at a heating rate of 10°C per minute from ambient to 900°C under N 2 atmosphere. In the TG curve three distinct mass losses are observed (Supplementary material 2) . The first mass loss occurs between 70 and 130°C, which is attributed to loss of water of crystallization, second between 180 and 450°C corresponding to removal of chlorine atom and decomposition of neutral bidentate ligand, and finally between 600 and 800°C corresponds to decomposition of OFL and leaving behind the CuO as a residue.
Mass Spectra
The mass spectrum of complex- [1] (Supplementary material 3) shows molecular ion peak at m/z = 787.00 and 789.09 is assigned (M) and (M ? 2) peak due to the presence of one chlorine atom and it also confirms that chlorine atom is attached to metal atom through covalent bond. The peak observed at m/z = 752.06 is due to loss of one chlorine atom. Several other fragments at 458.03, 427.03, 392.07, 361.11 and 329.08 m/z value are observed. The proposed fragmentation pattern of complex- [1] is shown in (Supplementary material 4) .
In Vitro-Antibacterial Broth Dilution Screening
It is used to determine the minimum inhibitory concentration (MIC) of antibacterial agent. This is the lowest concentration of antibacterial agent at which no visible growth or turbidity in the dilution tube is observed. The result obtained in lM is presented in the Table 1 . The results of antibacterial screening data reveals that all the test complexes show good antibacterial potency in comparison with CuCl 2 Á2H 2 O, free ligands and the reference drug ofloxacin. The lower MIC value of complexes compared to ligand can be attributed to the increased polarity of complexes compared to free ofloxacin and ligands and thus makes the complex more lipophillic as compared to the ofloxacin drug. Due to higher lipophilicity of the complexes compared to free ligands, complexes can easily penetrate into the bacterial cell and hence cause the rapid attack in comparison to the free ligands.
Relative Affinity and DNA Binding Mode Estimation
UV-Vis Spectrophotometric Quantization of DNA Binding Mode
In order to investigate the binding mode of the synthesized complexes absorption titration was carried out. The absorption spectra were recorded in the absence and presence of the synthesized complexes in reference and sample cell respectively. Concentration of HS-DNA was kept increasing. The binding constants (K b ) are calculated from the plot of [DNA]/(e a -e f ) versus [DNA] (Fig. 1) [20] , indicating that the complexes bind more efficiently to DNA. 
Hydrodynamic Chain Length Study
An increase in the viscosity of DNA containing solution upon increasing the complex: DNA concentration, suggest the intercalation mode of binding [21] . Viscosity measurements are sensitive to change in length of DNA as viscosity is proportional to length 3 . If circular plasmid is used and concentration of test compound is increased, viscosity first increases and then decreases indicative of the DNA changing from a negative-supercoiled to a relaxed and finally a positive-supercoiled state [22] . From the Fig. 2 , we can see that the relative viscosity of DNA increases steadily on increasing the amount of Cu(II) complex, demonstrating that the compounds bind to DNA by intercalation.
In Vitro Cytotoxicity: Brine Shrimp Lethality Assay
The assay was based on the ability of extracts/pure compounds to kill laboratory cultured Artemia nauplii brine shrimp. Assay was carried out in accordance with protocol reported by Meyer et al. Log of concentration of samples were plotted against percent of mortality of nauplii, which showed a linear correlation (Supplementary material 5) . Results are represented in Table 2 .
All the complexes showed better toxicity (5.63-11.6 lg/mL) than the reference standard (LC 50 value of potassium dichromate is 32 lg/mL) used in the bioassay. All the Fig. 1 complexes exhibit potential toxicity profile after 24 h of exposure. 100 % mortality was observed after 48 h of exposure.
Antiradical Activity
Concentration of blue formazan is measured spectrophotometrically at 560 nm. The plot of absorption of mono formazan as a function of time for different concentrations of complex- [1] is shown in Fig. 3 . The rate of absorption change was determined and the concentration required to produce 50 % inhibition (IC 50 ) can be obtained by graphing the rate of NBT reduction (along Y-axis) versus the concentration of the test solution (along X axis) as shown in Fig. 4 . The % inhibition of NBT reduction is calculated using following equation:
where, k 0 and k represent slopes of the straight line of absorbance values as a function of time in the presence and absence of SOD mimic compounds, respectively. The antiradical (superoxide) scavenging data are shown in Table 2 .
All the complexes exhibit antiradical activity in the range of 0.534-1.33 lM, which is better than clinical requirement value (20 lM) [23] . The complex- [1] exhibits IC 50 value (0.534 lM), which is close to the value of native bovine Cu-Zn superoxide dismutase (0.48 lM) [24] .
Nuclease Activity: Gel Electrophoresis Study From the Fig. 5 , it is shown that when plasmid DNA is subjected to electrophoresis after interaction upon illumination of gel, pUC19-DNA in presence of reference compounds, CuCl 2 Á2H 2 O (lane-1) and ofloxacin (lane-2) respectively show only two bands suggesting cleavage of pUC19-DNA into only two forms Open Circular (OC) and Super Coiled (SC). Upon addition of complexes (lane 3-10), three forms are observed suggesting that pUC19-DNA cleaves into OC, SC and an additional Linear form (L), which migrates in between OC and SC indicating that complexes show significant nuclease activity than the reference compounds CuCl 2 Á2H 2 O and ofloxacin, respectively. Quantification of DNA cleavage is represented in the Table 3 . From the data, percentage of SC form is highest for the complex- [1] (lane-3) deducing that complex- [1] cleaves the DNA more efficiently than rest of others.
Conclusion
MIC values suggest that complexes are more bacteriostatic than the reference drug. The DNA binding experiment through absorption titration studies revealed that the complex-1 binds to the DNA significantly (3.38 9 10 5 M -1 ) and viscosity measurements reveal that complexes bind to DNA via classical intercalation mode. Cytotoxic studies of metal complexes shows good potency against brine shrimp. The DNA cleavage study of pUC19 shows that all the complexes exhibit higher cleavage ability compared to the metal salt and ofloxacin. SOD-like activity suggests that the synthesized complexes have ability to scavenge free radical anion of molecular oxygen.
